Obesity has reached record proportions in the last several decades and with that a host of co-morbidities most notably increased type II diabetes mellitus, hypertension and cardiovascular disease. It has also led to the concept of a bonefat axis. Historically obesity was associated with increased bone health while more recent evidence suggests an increased fracture risk among obese individuals.
Mediators of this interaction include adipokines such as leptin. Adipose tissue is no longer just considered a fat store but an important source of inflammatory cytokines, as well as adipokines which act peripherally as well as centrally. It was the discovery of leptin, produced mainly by adipose tissue that first led to the recognition of adipose tissue as an endocrine organ [1] . Serum leptin levels have been strongly positively correlated with fat mass in several studies [1, 2] . Leptin exerts its effects following binding to specific leptin receptors located in the central nervous system to suppress food intake and increase energy expenditure. Other than its role on body mass, leptin also modulates the hypothalamicpituitary axis, gonadal function, and the adrenals [3] . While the most important determinant of circulating leptin concentrations is body-fat mass, it is stimulated by insulin, glucocorticoids, and overfeeding and is suppressed by fasting, cAMP, and β3-adrenoreceptor agonists [2] .
Leptin is produced by bone marrow adipocytes, as well as by extramedullary fat. Marrow adipose tissue derived leptin directly influences osteoblastogenesis while extramedullary leptin acts on the hypothalamus and B adrenergic receptors. Studies suggest that leptin is also involved in the regulation of calcium regulating hormones, including parathyroid hormone (PTH), 1,25(OH)2 vitamin D3 (1,25 (OH)D3), and fibroblast growth factor 23 (FGF-23) [4] . Both leptin and PTH exhibit a diurnal rhythm with nearly identical mid-morning nadirs and mid-night peaks that are independent of an endogenous circadian clock [5] .
The primary role of PTH, produced by the parathyroid glands, is to prevent or reverse acute hypocalcemia, which it does by mobilizing calcium from bones, stimulating renal calcium reabsorption, and increasing the production of 1,25(OH)D3 which increases intestinal calcium absorption.
An inter-relationship between leptin and PTH was first suggested because patients with primary hyperparathyroidism have significantly higher leptin levels than healthy controls. However this is not true across all studies [6, 7] . The reasons for the increased PTH seen in obesity are not known but have been attributed amongst others reasons to decreased 1,25(OH)D 3 from FGF-23 secretion [8] . Further evidence for their interaction is suggested by the fact that both leptin and PTH have been linked with complications arising from obesity such as hypertension and heart disease and higher PTH concentrations have been shown to be predictive of increase cardiovascular mortality [9] . Data from our center suggests that PTH is positively associated with the metabolic syndrome because of its association with blood pressure and waist circumference and independent of serum 25(OH)D levels [10] .
Like leptin, PTH shows a direct relationship with obesity [7] . It is much higher in those who are morbidly obese and concentrations have been shown to drop after bariatric surgery. Furthermore, both osteocytes and adipocytes arise from common precursor mesenchymal stem cells. Local administration of leptin to the hypothalamus leads to an indirect suppression of osteoblasts while systemic administration causes PTH-like estrogenic-like bone formation.
Hoang et al. noted that in patients with primary hyperparathyroidism, either due to adenoma or hyperplasia, serum leptin levels dropped after surgical removal of the parathyroid with specific single nucleotide polymorphisms of the leptin receptor associated with parathyroid gland size [11] . Further work by Hoang's group has demonstrated the presence of leptin and leptin receptor mRNA in chief cells from patients with hyperparathyroidism due to adenoma and hyperplasia, as well as in normal parathyroid gland [7] . They also showed that parathyroid PTH secretion increased in parathyroid explants on exposure to leptin and that decreased with leptin receptor inhibition [12] .
It is possible that leptin effects on PTH are mediated not just via the leptin receptor. In this issue by Lopez et al. sheds some light on the leptin /PTH interaction [13] . Using wild type (WT) mice and leptin receptor deficient mice they have shown a direct effect of leptin on PTH secretion. Leptin is known to stimulate secretion of FGF-2 and inhibit 1,25(OH)D 3 secretion, which can reduce PTH concentrations. However Lopez et al. showed that administration of leptin to WT mice increased PTH secretion with no change in ionized calcium, phosphate, FGF-23 or 1,25(OH)D 3 . Immunohistochemical staining showed the presence of leptin receptors in chief cells of parathyroid glands in mice. This provides evidence for a fat /PTH axis. However there are no similar studies showing the existence of PTH receptors on adipose tissue; although PTH has been shown to increase cytosolic calcium of adipocytes and this is receptor mediate.
The papers add to the body of evidence for complex interactions between fat and bone through mediators such as PTH and leptin and raise more questions as how these hormones regulate each other. The understanding of the whole array of molecules involved in this system and the attendant signaling pathways will continue to be an area for research.
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